Effects of pre-harvest applications of different source of calcium on the cell wall fractions and stem bending disorder of Gerbera (Gerbera jamesonii L.) cultivar flowers by Aghdam, Maral et al.
57
Adv. Hort. Sci., 2019 33(1): 57-65 DOI: 10.13128/ahs-23328
Effects of pre-harvest applications of
different source of calcium on the cell
wall fractions and stem bending disor-
der of Gerbera (Gerbera jamesonii L.)
cultivar flowers
M. Aghdam 1, M. HassanPour Asil 2 (*), M. Ghasemnezhad 2, S.A.A.
Mousavi Mirkalaei 3
1 University Campus 2, University of Guilan, Rasht, Iran.
2 Faculty of Agricultural Science, University of Guilan, Rasht, Iran.
3 Chalous Branch, Islamic Azad University, Chalous, Iran.
Key words: catalase, cellulose, lignin, membrane stability index, superoxide dis-
mutase.
Abstract: Gerbera flower belongs to the composite family and is one of the top
five cut flowers in the world in terms of production and consumption, which
has a great economic value in the international flowering industry. This study
was designed to evaluate whether calcium pre-harvest application, provided
through 0, 0.5, 1 and 1.5% of calcium chloride (CaCl2) and calcium nitrate
(CaNO3), could extend the day of stem bending of gerbera cut flower. In the
present study, we used two gerbera cultivars ‘Intense’ and ‘Rosaline’ as resis-
tant and sensitive to stem bending, respectively. For evaluation of associated
traits with stem bending, the produced flowers were kept in a vase solution
containing 200 mg/L hydroxyquinoline with temperature conditions of 20°C.
The results showed that day of stem bending of flowers extended 9.62 and
10.37 days by application of 1% CaCl2 for ‘Rosaline’ and ‘Intense’ respectively.
All treatments were effective in the increasing relative water content of flower
due to increase water uptake. The results also revealed that the calcium pre-
treatment delayed flowers senescence and increased antioxidant enzyme activ-
ity. Application of calcium resulted in an increase in membrane stability index
in the cut flowers of both cultivars, providing evidence for delay of senescence
in calcium-treated cut flowers. Also, results showed that calcium application
significantly increased lignin, cellulose and hemicellulose content of both culti-
vars. The maximum and the minimum lignin and cellulose content were
observed in resistant and sensitive cultivars, respectively. In general, pre-har-
vest application of calcium (especially 1% CaCl2) with increasing of antioxidant
enzyme activity and stem lignification led to decreasing of stem bending disor-
der in both cultivars.
1. Introduction
Gerbera is one of the most important ornamental plants in the world
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used widely as cut flower or potted flower (Çelikel
and Reid, 2002; Perik et al., 2014). Gerbera, followed
by rose, chrysanthemum, tulip, and lily, occupies fifth
position in top ten cut flower in world in terms of its
production and consumption (Nair et al., 2006; Perik
et al., 2014). The longevity or postharvest life of ger-
bera flowers depends on the extent of stem bending
and the lack of stem strength (Naing et al., 2017;
Nazarideljou and Azizi, 2015). In this regard, although
flowers of some gerbera cultivars are apparently not
wilted or faded, their stems have drooped due to
their inappropriate stem strength; and based on
flower quality and grading, flowers with stem bend-
ing more than 30° are not worth maintaining (Çelikel
and Reid, 2002; Perik et al., 2014). The lack of
mechanical protection and cell wall lignification
(especially secondary cell wall) as well as lowering
stem strength are of more likely reasons for emerg-
ing stem bending in gerbera (Perik et al., 2012). In
addition to its remarkable effect on stem hardening
and growing gerbera uprightly, lignin plays an utmost
role in promoting water flow inside xylem vessels
(Vanholme et al., 2010). Also, there is a negative rela-
tionship between the rate of stem lignification and
the extent of stem bending (Perik et al., 2012).
Accordingly, increasing stem lignification directly
influences stem strength and thereby reducing stem
bending of gerbera cut flowers (Nazarideljou and
Azizi, 2015).
In past years, many attempts have been made to
increase postharvest life and quality of cut flowers
through different techniques. In cut flowers industry,
inappropriate condition and inadequate nutrition
often lead to a reduction in the quality and quantity
of produced gerbera flowers; and regarding these
issues can economically improve gerbera flowers
production (Khangoli, 2001). Calcium is an essential
element affecting on plant growth and development;
and its accumulation in plants facilities pectin poly-
mers’ linkage so as to improve mechanical strength
of stem in line with reducing stem bending and
extending flowers vase life (Gerasopoulus and Chebli,
1999; Helper, 2005; Li et al., 2012). The role of intra
and intercellular calcium on cell metabolism change
is attributed to its effect on the membrane structure
and function and cell walls (Ferguson and Drobak,
1988). The results of previous studies showed that
calcium, due to its role in the synthesis of pectin
located in cell wall of xylem vessels, facilitates water
translocation in stem and inhibits stem bending (Van
Ieperen and Van Gelder, 2006). Also, applying calci-
um as pre or postharvest treatments caused to
increase the vase life of many cut flowers
(Gerasopoulos and Chebli, 1999; Hepler, 2005; Li et
al., 2012; Geshnizjany et al., 2014). In spite of exist-
ing such documents, the effects of calcium on reduc-
ing stem bending of gerbera cut flowers are in needs
of more investigations. Therefore, in present
research, the effect of different calcium concentra-
tions in forms of chloride and calcium nitrate on stem
bending and other related parameters in two gerbera
cultivars were scrutinized.
2. Materials and Methods
This research was conducted using a factorial
experiment in completely randomized design (CRD)
with four replicates and fourteen plots in each repli-
cate and five pots in each plot (totally 280 pots) in
local commercial greenhouse (Persian Gulf, Tehran,
Iran).
Based on the sensitivity to stem bending, two cul-
tivars of gerbera, namely ‘Intense’ as a tolerant culti-
var and ‘Rosaline’ as a sensitive cultivar to stem
bending (Nazarideljou and Azizi, 2015), were used in
this experiment. Gerbera seedlings were cultivated in
pots with 18 cm diameter filled with coco peat and
perlite (1:1) maintained in greenhouse with 20-
25/15-18°C (day/night), 70±5% relative humidity and
14 h with a light intensity of 40 µmol-2 m-2 s-1 (Naing
et al., 2017). Before receiving the treatments, the
seedlings were feeded based on a nutritional formula
















Table 1 - Nutrient elements used in gerbera plant fertilization
during excremental period
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After planting seedlings in pots and undergoing
their perfect establishment, experimental seedlings
received calcium chloride and calcium nitrate treat-
ments at three levels (0.5%, 1%, and 1.5%) in form of
foliage spray (Mehran et al., 2007) while controls
received distilled water. The flowers were harvested
when two to three rows of ray floret got color but
the stamens still did not open. After preparing of
flowers stem in the length of 40 cm, they were
placed in the Erlenmeyer containing 500 cc distilled
water and hydroxiqinolin sulphate (HQS) in concen-
tration 200 mg/L. Then, they were transferred into
the ambient temperature and a light with intensity of
28 µmol-2 m-2 s-1 and 60% relative humidity
(Gerasopoulos and Chebli, 1999). The treatments
were measured on 9th of experiment.
Stem bending was determined by assessing the
accompanying change in the position of the flower
head as described previously (Perik et al., 2012). Ten
excised petals per each flower were weighed (fresh
weight, FW) and placed in distilled water in the dark
for 6 hours to allow them to reach full turgidity and,
hence, to determine their turgid weight (TW). These
samples were then dried at 70°C for 24 h and their
dry weight (DW) was recorded. Finally, relative water
content was calculated using the FW-DW/TW-DW
(Abdolmaleki et al., 2015).
Membrane stability index (MSI) was recorded
using an electrical conductivity meter based on
Ezhilmathi et al. (2007). Petal samples were rinsed
and immersed in 10 ml of distilled water. The sam-
ples were incubated at room temperature for 60 min
with shaking (150 rpm). The electrical conductivity of
the solution (EC1) was read after shaking using a con-
ductivity meter. Samples were incubated in 95°C
water bath for 20 min the second reading (EC2) was
taken after the solutions had cooled to room tem-
perature. MSI was calculated as [1-(EC1/EC2)] ×100.
Petal samples (0.2 g) was homogenized with 2 ml
of 50mM phosphate buffer (pH=7) containing 1 mM
EDTA, 1mM phenylmethylsulfonyl fluoride (PMSF)
and 2% polyvinylpyrrolidone (PVP) (w/v) in ice water-
bath and then centrifuged at 12000 g for 20 min at
4°C. The supernatant was collected and used for
enzyme assay with a UV-Visible spectrophotometer
(Cary 100, Varian, USA).
The activities of enzymes were determined
according to standard methods previously reported
for CAT (EC1.11.1.6) (Aebi, 1984) and SOD (EC
1.15.1.1) (Giannopolitis and Ries, 1977). Enzyme
activities were expressed as enzyme units.mg-1 pro-
tein. Protein content was determined according to
the method of Bradford (1976).
The cell wall materials of the proximal end of
flower stem were fractioned following the method of
Li et al. (2012). Briefly, the stems were ground into
fine powder in liquid nitrogen and extracted with
95% alcohol, then washed twice with boiling alcohol
and methyl alcohol: chloroform (1:1, v/v), respective-
ly. Finally, the cell wall residues were dried over night
at 50°C and used for analysis. Hemi-cellulose content
was determined by the phenol colorimetric assay
(Dubois et al., 1956) and the cellulose content was
measured by the anthrone colorimetric assay
(Updegraff, 1969). Lignin content was determined
following the method of Müse et al. (1997). All mea-
surements were reported as µg/mg DW. Stem calci-
um concentration was determined by atomic absorp-
tion spectrophotometer (Abdolmaleki et al., 2015).
The data were analyzed using SAS software and
the comparing means was carried out using Duncan
multiple range test at 5% probability and the drawing
figures were carried out using excel 2013 software.
3. Results and Discussion
Stem bending
The results of variance analysis showed that the
main effects of treatment and cultivar (p<0.01) and
their interaction effects (p<0.05) were significant on
stem bending (Table 2). All calcium treatments,
except 0.5% calcium nitrate in ‘Intense’, significantly
increased the days until onset of stem bending. Also,
calcium chloride had better effect on stem bending in
‘Rosaline’.







Stem bending ** ** *
Relative water content NS ** NS
Membrane stability index ** ** *
Catalase activity ** ** **
Superoxid dusmutase activity * ** *
Lignin content ** ** *
Cellulose content ** ** **
Hemicellulose content NS ** *
Calcium content ** ** NS
Table 2 - Analysis of variance (ANOVA) for cultivar, calcium
treatment and their interactions effects on evaluated
dependent variables in gerbera cut flower
** and * represent significance at the 1 and 5% probability levels,
respectively, and ns represents non-significance at p<0.05.
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ing the quality of cut flowers, flower vase life, and
flower loss during harvesting in gerbera. Genetic,
nutrition, storage temperature, and the lack of water
balance in xylem vessels are of the most important
factors facilitate stem bending (Van Meeteren, 1978;
Perik et al., 2012; 2014). Reduction in rigidity of the
stems carrying flower is associated with the reduc-
tion in the formation of lignin compounds. In this
regard, it has been stated that the higher-vase life
cultivars of chrysanthemum contain more lignin com-
pared to lower-vase life ones (Lv et al., 2011). It has
been described that tolerance to stem bending is
contributed to the presence of a sufficient amount of
sclerenchyma and lignin in the stems of flowers
(Perik et al., 2012). So, each factor being able to
increase the stem rigidity also reduce stem bending.
Calcium ions maintain cell wall rigidity as they bind to
pectin molecules, thereby increasing cell wall stiff-
ness. The positive effects of calcium chloride on the
reduction of stem bending in gerbera were proved by
Gerasopoulos and Chebli (1999). Also, Perik et al.
(2014) reported that calcium treatments decreased
stem bending in gerbera cultivars likely due to
enhancing stem rigidity. It seems that calcium
inhibits vascular blockage and escalates stem
strength in line with reduction in stem bending and
consequently increasing flower vase life (Fig. 1).
Relative water content
The results showed that just treatment had a sig-
nificant effect on relative water content (RWC). The
effects of cultivar and its interaction with treatment
were not statistically significant (Table 2). Compared
to controls, all applied calcium treatments effectively
Fig. 2 - The main effects of calcium treatments on petals relative
water content of two gerbera cultivars. Bars represent
standard error of four replicates. Values with the diffe-
rent letters are significantly different according to
Duncan’s Multiple Range Test at P<0.05.
Fig. 1 - The effects of calcium treatments on day of stem ben-
ding of two gerbera cultivars. Bars represent standard
error of four replicates. Values with the different letters
are significantly different according to Duncan’s Multiple
Range Test at P<0.05.
increased RWC and among all applied treatments,
1% calcium chloride had the better effect on RWC
while 1.5% calcium nitrate gained the lowest effects
on RWC (Fig. 2).
The results of this research are in agreements with
those obtained by Cortes et al. (2011) who reported
that calcium treatments increased the relative fresh
weight of cut flowers. In gerbera, applying calcium
treatments extended flowers vase life by enhancing
water uptake by stem and maintaining flower water
content (Geshnizjany et al., 2014). Also, it has been
stated that the flower fresh weight and solution
absorption decreased whereas flower wilting
increased, these mainly occur due to water loss by
different organs of flowers (Borochov and Woodson,
1989; Urban et al., 2002). In other words, when the
stem vessels are blocked, flower spent the absorbed
water through transpiration and subsequently
reduced RWC (Urban et al., 2002; Van Meeteren,
1978). In results, upholding a proper water uptake by
cut flowers is of crucial issues in order for extending
the vase life of flowers (Urban et al., 2002).
Whenever the rate of transpiration exceeds more
than that of water uptake, water deficiency occurs
and leads to flower wilting and reduction in flower
weight (Van Meeteren, 1978). In current research,
the significant effect of calcium treatments on
increasing the petal RWC of cut flowers was
observed, it can be resulted from a reduction in stem
blockage owing to increasing lignin biosynthesis. 
Membrane stability index
The results of variance analysis revealed that the
main effects of cultivar and treatment as well as their
interaction cultivar × treatment on MSI was signifi-
cant (Table 2). Also the mean comparison of the
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interaction effect revealed that calcium treatments
used in both cultivars significantly increased MSI. It
was found a significant different among calcium
treatments of both forms on MSI. The highest rate of
MSI was observed in ‘Intense’ cultivar by 1% calcium
chloride which increased as much as 13% to controls,
but the highest rate of MSI was found in ‘Rosaline’
cultivar by applying 1% calcium nitrate which
increased as much as 15% to controls (Fig. 3).
In general, the senescence in plants is an oxidative
and controlled process including biological, physio-
logical, hormonal, and structural changes destroying
macro molecules such as protein, nucleic acids, and
lipids (Iqbal et al., 2017). The lack of balance between
generating reactive oxygen species (ROS) and clean-
ing ROS by plant defensive systems paves the way for
inducing oxidative stresses which inflect damage on
different parts of cells and destroy them. The
destruction of cell membrane is one of the processes
which intensifies in the presence of different ROS,
resulted in increasing cell electrolyte leakage
(Abdolmaleki et al., 2015). In our research, pretreat-
ment of different sources of calcium increased MSI in
petals of gerbera cut flowers. calcium is supposed to
alleviate the adversary effect of ethylene on initiating
cell senescence through inhibiting cell membrane
destruction and consequently to extend the vase life
of cut flowers (De Capdeville et al., 2005). Also, the
structural and functional roles of calcium on main-
taining cell membrane and cell walls have been
proved (Ferguson and Drobak, 1988). In other words,
according to the results of our experiment, calcium
treatments were found to enhance antioxidant
enzyme activities resulted in decreasing oxidative
stress and preserving cell membrane structure. Our
results are in agreement with those of Abdolmaleki et
al. (2015) who reported that applying calcium pre-
harvest treatment retarded damage to cell mem-
brane and hence increased vase life of rose cut flow-
ers. It appears that calcium treatments directly
increase cell wall stability and indirectly influence
enzyme processes in order to increase the content of
MSI in gerbera cut flowers.
CAT and SOD activity
The results showed that the interaction effects of
cultivar × treatment was significant in terms of cata-
lase (CAT) and superoxide dismutase (SOD) (Table 2).
Compared to controls, all applied treatments signifi-
cantly increased CAT in both cultivars and the effects
of the treatments in both cultivars were the same
(Fig. 4A). Also, calcium nitrate and calcium chloride
significantly improved SOD activities on both culti-
vars. The highest SOD activity was observed in
‘Intense’ cultivar by using 1.5% calcium nitrate,
whereas in ‘Rosaline’ cultivar it was found by apply-
ing 1.5% calcium chloride (Fig. 4B).
The process of senescence in cut flowers is usually
accompanied with a modulation in the antioxidant
enzymes’ activities (Borochov and Woodson, 1989).
Fig. 3 - The effects of calcium treatments on petals membrane
stability index of two gerbera cultivars. Bars represent
standard error of four replicates. Values with the diffe-
rent letters are significantly different according to
Duncan’s Multiple Range Test at P<0.05.
Fig. 4 - The effects of calcium treatments on catalase (CAT) (A)
and superoxide dismutase (SOD) (B) activities of gerbera
petals. Bars represent standard error of four replicates.
Values with the different letters are significantly diffe-
rent according to Duncan’s Multiple Range Test at
P<0.05.
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The results of different studies showed that increas-
ing antioxidant enzyme activity extended flower
longevity because these antioxidants retarded the
process of senescence (Ezhilmathi et al., 2007). It has
been demonstrated that calcium treatments, through
changing in antioxidants activities, delayed flower
senescence and maintained chlorophyll and protein
contents in gladiola flower during storage (Sairam et
al., 2011). In this respect, Zhao et al. (2006) showed
that calcium chloride enhanced the activities of CAT
and SOD in the cut flowers of Rosa hybrida and
Dendrobium phalaenopsis. In current research, both
forms of calcium increased CAT and SOD activities in
gerbera flowers (Fig. 4). It is obvious that improving
antioxidant activities prevents cell membrane from
breakdown and maintains membrane integrity.
Calcium may serve as a secondary messenger in a
pathway to stimulate the synthesis of antioxidant
enzymes (Jiang and Zhang, 2003). With respect to
what mentioned above, calcium may indirectly stim-
ulate the antioxidant activities and consequently
reduce the oxidative stresses through lessening the
peroxidation activity and maintaining the membrane
integrity, or it may directly keep the membrane
integrity and cell wall and delay the process of senes-
cence in cut flowers.
Lignin, cellulose, and hemicellulose
The results showed that the interaction effect of
cultivar × treatment was significant on lignin
(p<0.05), cellulose (p<0.01), and hemicellulose
(p<0.05) (Table 2). Comparing to ‘Rosaline’, more
lignin and cellulose were observed in ‘Intense’, but
the rate of hemicellulose in both cultivars was not
significantly different (Fig. 5). Application of both
forms of calcium at all their concentrations signifi-
cantly improved the rates of lignin and hemicellulose
in both cultivars (Fig. 5A and 5B). The highest rate of
lignin was found in ‘Intense’ by 0.5% calcium nitrate
while it was obtained in ‘Rosaline’ by 1.5% calcium
chloride (Fig. 5A). On the other way, all calcium treat-
ments increased cellulose in ‘Intense’ in comparison
to control, but just 1% and 1.5% calcium chloride and
0.5% of calcium nitrate increased cellulose in
‘Rosaline’ as comparing to controls (Fig. 5B).
One of probable factors on providing stem bend-
ing in cut flowers is contributed to the lack of suffi-
cient lignin formation in cell wall, especially in the
secondary wall besides its effect on stem rigidity,
causes to take up water continuously by flowers
(Vanholme et al., 2010). Peroxidase (POD) and
phenylalanine ammonia lyase (PAL) are of key
enzymes involving in the pathway of lignin biosynthe-
sis; their roles in stem strength and delaying stem
bending in gerbera flowers have been proved
(Nazarideljou and Azizi, 2015). It has been reported
that the cut flowers prepared from the long-lasting
cultivars contain more POD and PAL compared to
short -lasting cultivars (Lv et al., 2011; Nazarideljou
and Azizi, 2015). In the present research, ‘Intense’
showed a higher tolerance to stem bending than
‘Rosaline’ because of containing more lignin and cel-
lulose. The results of this research also revealed that
calcium treatments significantly increased lignin, cel-
lulose, and hemicellulose contents in gerbera. Perik
Fig. 5 - The effects of calcium treatments on lignin (A), cellulose
(B), and hemicellulose (C) of gerbera petals. Bars repre-
sent standard error of four replicates. Values with the
different letters are significantly different according to
Duncan’s Multiple Range Test at P<0.05.
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et al. (2014), by investigating the effects of different
treatments on stem rigidity, figured out that using
calcium chloride lessened stem bending in gerbera
flowers through increasing stem strength resulted
from lignin formation. In this regard, Li et al. (2012)
reported that applying calcium chloride at pre-har-
vest stage significantly enhanced the rate of pectin,
lignin, cellulose, and hemicellulose in the cut flowers
of herbaceous peony. Also, it has been stated that
using some materials such as ethylene and salicylic
acid, through affecting on the some enzymes like PAL
involving in lignin biosynthesis, had a direct influence
on stem bending of flower (Ferrante et al., 2007).
Also, Naing et al. (2017) reported that applying sodi-
um nitroprusside augmented the gene expression of
lignin biosynthesis; and likewise PAL extended flower
vase life and diminished stem bending of gerbera
flowers.
Calcium content
The interaction effect of cultivar × treatment was
not significant in terms of calcium, but the main
effects of treatment and cultivar were significant
(Table 2). The rate of calcium in ‘Intense’ was
observed higher than of that in ‘Rosaline’ (Fig. 6A). In
other words, all calcium treatments significantly
increased the amount of calcium in comparison to
controls. There was a significant difference among all
treatments and 0.5% calcium nitrate and calcium
chloride had the lowest effect on calcium content of
the stem cut flower (Fig. 6B).
Calcium is an essential element effecting on the
plants’ growth and development processes in a way
that its accumulation in them facilitates creating the
connections among pectin polymers; and accordingly
it escalates the mechanical strength of stem and
lignin production. Eventually, they lead to reducing
stem bending and increasing flower longevity
(Gerasopoulos and Chebli, 1999; Li et al., 2012). The
internal and inter cellular roles of calcium are con-
tributed to its part in plants leading to the changes
on cell metabolism as well as its effect on the struc-
ture and function of cell  wall and membrane
(Ferguson and Drobak, 1988). The results showed
that application of calcium, due to its role in synthe-
sis of the pectin located in cell wall of xylem vessels,
improved water translocation in stem and prevented
cut flowers from stem bending (van Ieperen and van
Gelder, 2006). In reality, a reduction in the resistance
towards water conductivity in plants is one of calci-
um duties for extending vase life of cut flowers
(Cortes et al., 2011). Calcium improves the flower
longevity and this may delay many issues such as
physiological phenomena related to senescence,
reduction in water uptake, and losing more water
from flower through transpiration, and thereby
reducing flower fresh weight and stem bending
(Gerasopoulos and Chebli, 1999; De Capdeville et al.,
2005; Sosanan, 2007). In current research, applying
calcium increased calcium concentration in stem of
cut flowers. In a similar way, using different forms of
calcium at growth stage of herbaceous peony
enhanced the internal calcium, lignin formation, and
consequently the rigidity of the stems carrying flow-
ers (Li et al., 2012). Nikbakht et al. (2008) reported
that calcium accumulation in the stem of gerbera
delayed stem bending. Therefore, it seems that an
increase in the content of calcium inside stems is
associated with the reduction of stem bending and
extending flower longevity.
4. Conclusions
In general, the results showed that applying calci-
um in different forms of nitrate and chloride reduced
the stem bending in gerbera cultivars. Both forms of
calcium had a positive effect on gerbera cultivars, but
mostly calcium chloride had better effect on stem
Fig. 6 - The main effects of cultivar (A) and calcium (B) treat-
ments on calcium content of two gerbera flower stem.
Bars represent standard error of four replicates. Values
with the different letters are significantly different accor-
ding to Duncan’s Multiple Range Test at P<0.05.
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bending in comparison to calcium nitrate; and its 1%
concentration compared to other its concentrations
gained the best results. The positive effect of calcium
on stem bending is ascribed to its role on increasing
the synthesis of lignin, cellulose, and hemicellulose.
The results of this research also showed that the
antioxidant enzymes activities were increased while
applying calcium treatments led to delaying the
senescence processes in flowers.
References
ABDOLMALEKI M., KHOSH-KHUI M., ESHGHI S., RAMEZAN-
IAN A., 2015 - Improvement in vase life of cut rose
cv.“Dolce Vita” by preharvest foliar application of calci-
um chloride and salicylic acid. - Int. J. Hort. Sci. Techn.,
2: 55-66.
AEBI H., 1984 - Catalase in vitro. - Methods in Enzymology.
105: 121-126.
BOROCHOV A., WOODSON W.R., 1989 - Physiology and
biochemistry of flower petal senescence. Horticultural
Reviews, 11: 15-43.
BRADFORD M.M., 1976 - A rapid and sensitive method for
the quantitation of microgram quantities of protein uti-
lizing the principle of protein-dye binding. - Analytical
Biochem., 72(1-2): 248-254.
ÇELIKEL F.G., REID M.S., 2002 - Storage temperature
affects the quality of cut flowers from the Asteraceae. -
HortScience, 37: 148-150.
CORTES M.H., FRIAS A.A., MORENO S.G., PINA M.M., GUZ-
MAN G.H.D.L.C., SANDOVAL S.G., 2011 - The effects of
calcium on postharvest water status and vase life of
Rosa hybrida cv. Grand Gala. - Int. J. Agric. Biol., 13(2):
1560-8530.
DE CAPDEVILLE G., MAFFIA L.A., FINGER F.L., BATISTA U.G.,
2005 - Pre-harvest calcium sulfate applications affect
vase life and severity of gray mold in cut roses. - Sci.
Hortic., 103: 329-338.
DUBOIS M., GILLES K.A., HAMILTON J.K., REBERS P.T.,
SMITH F., 1956 - Colorimetric method for determina-
tion of sugars and related substances. - Analytical
Chem., 28: 350-356.
EZHILMATHI K., SINGH V., ARORA A., SAIRAM R., 2007 -
Effect of 5-sulfosalicylic acid on antioxidant activity in
relation to vase life of Gladiolus cut flowers. - Plant
Growth Regul., 51: 99.
FERGUSON I., DROBAK B., 1988 - Calcium and the regula-
tion of plant growth and senescence. - HortScience, 23:
262-266.
FERRANTE A., ALBERICI A., ANTONACCI S., SERRA G., 2007
- Effect of promoter and inhibitors of phenylalanine
ammonia-lyase enzyme on stem bending of cut gerbera
flowers .  -  International Conference on Quality
Management in Supply Chains of Ornamentals, 755:
471-476.
GERASOPOULOS D., CHEBLI B., 1999 - Effects of pre-and
postharvest calcium applications on the vase life of cut
gerberas. - J. Hort. Sci. Biotech., 74: 78-81.
GESHNIZJANY N., RAMEZANIAN A., KHOSH-KHUI M., 2014
- Postharvest life of cut gerbera (Gerbera jamesonii) as
affected by nano-silver particles and calcium chloride. -
Int. J. Hortic. Sci. Tech., 1: 171-180.
GIANNOPOLITIS C.N., RIES S.K., 1977 - Superoxide dismu-
tases: I. Occurrence in higher plants. - Plant Physiol.,
59: 309-314.
HEPLER P.K., 2005 - Calcium: a central regulator of plant
growth and development. - Plant Cell, 17: 2142-2155.
IQBAL N., KHAN N.A., FERRANTE A., TRIVELLINI A., FRANCI-
NI A., KHAN M., 2017 - Ethylene role in plant growth,
development and senescence: interaction with other
phytohormones. - Front. Plant Sci., 8: 475.
JIANG M., ZHANG J., 2003 - Cross-talk between calcium
and reactive oxygen species originated from NADPH
oxidase in abscisic acid-induced antioxidant defence in
leaves of maize seedlings. - Plant, Cell & Environ., 26:
929-939.
KHANGOLI S., 2001 - Potential of growth regulators on
control of size and flowering of ornamental plants. -
Proc. First Applied Sci. Seminar on Flowering and
Ornamental Plants, Mahallat, Iran, pp. 75-76.
LI C., TAO J., ZHAO D., YOU C., GE J., 2012 - Effect of calci-
um sprays on mechanical strength and cell wall frac-
tions of herbaceous peony (Paeonia lactiflora Pall.)
inflorescence stems. - Int. J. Mol. Sci., 13: 4704-4713.
LV G., TANG D., CHEN F., SUN Y., FANG W., GUAN Z., LIU
Z., CHEN S., 2011 - The anatomy and physiology of
spray cut chrysanthemum pedicels, and expression of a
caffeic acid 3-O-methyltransferase homologue. -
Postharvest Biol. Techn., 60: 244-250.
MEHRAN A., HOSSEIN D., TEHRANIFAR A., 2007 - Effects of
pre-harvest calcium fertilization on vase life of rose cut
flowers cv. Alexander. - Europe-Asia Symposium on
Quality Management in Postharvest Systems-Eurasia,
804: 215-218.
MÜSE G., SCHINDLER T., BERGFELD R., RUEL K., JACQUET
G., LAPIERRE C., SPETH V., SCHOPFER P., 1997 -
Structure and distribution of lignin in primary and sec-
ondary cell walls of maize coleoptiles analyzed by
chemical and immunological probes. - Planta, 201: 146-
159.
NAING A.H., LEE K., KIM C.K., 2017 - Involvement of sodium
nitroprusside (SNP) in the mechanism that delays stem
bending of different gerbera cultivars. - Front. Plant
Sci., 8: 20-45.
NAIR S.A., SINGH V., SHARMA T., 2006 - Effect of chemical
preservatives on enhancing vase-life of gerbera flow-
ers. - J. Trop. Agric., 41: 56-58.
NAZARIDELJOU M.J., AZIZI M., 2015 - Postharvest
Assessment of lignifying enzymes activity, flower stem
lignification and bending disorder of gerbera cut
flower. - Int. J. Hortic. Sci. Techn., 2: 87-95.
Aghdam et al. - Stem bending disorder of Gerbera
65
NIKBAKHT A., KAFI M., BABALAR M., XIA Y.P., LUO A.,
ETEMADI N.-A., 2008 - Effect of humic acid on plant
growth, nutrient uptake, and postharvest life of ger-
bera. - J. Plant Nutr., 31: 2155-2167.
PERIK R.R., RAZÉ D., FERRANTE A., VAN DOORN W.G., 2014
- Stem bending in cut Gerbera jamesonii flowers:
Effects of a pulse treatment with sucrose and calcium
ions. - Postharvest Biol. Techn., 98: 7-13.
PERIK R.R., RAZÉ D., HARKEMA H., ZHONG Y., VAN DOORN
W.G., 2012 - Bending in cut Gerbera jamesonii flowers
relates to adverse water relations and lack of stem scle-
renchyma development, not to expansion of the stem
central cavity or stem elongation. - Postharvest Biol.
Techn., 74: 11-18.
SAIRAM R.K., VASANTHAN B., ARORA A., 2011 - Calcium
regulates Gladiolus flower senescence by influencing
antioxidative enzymes activity. - Acta Physiologiae
Plantarum, 33: 1897-1904.
SOSANAN S., 2007 - Effect of pre and postharvest calcium
supplementation on longevity of sunflower (Helianthus
annuus). - M.Sc. Thesis, Department of Horticulture,
Louisiana University and Agricultural and Mechanical
College, Lousiana, USA.
UPDEGRAFF D.M., 1969 - Semimicro determination of cel-
lulose inbiological materials. - Anal. Biochem., 32: 420-
424.
URBAN L., SIX S., BARTHÉLÉMY L., BEAREZ P., 2002 - Effect
of elevated CO2 on leaf water relations, water balance
and senescence of cut roses. - J. Plant Physiol., 159:
717-723.
VAN IEPEREN W., VAN GELDER A., 2006 - Ion-mediated
flow changes suppressed by minimal calcium presence
in xylem sap in Chrysanthemum and Prunus laurocera-
sus. - J. Exper. Bot., 57: 2743-2750.
VAN MEETEREN U., 1978 - Water relations and keeping-
quality of cut Gerbera flowers. I. The cause of stem
break. - Scientia Hortic., 8: 65-74.
VANHOLME R., DEMEDTS B., MORREEL K., RALPH J., BOER-
JAN W., 2010 - Lignin biosynthesis and structure. - Plant
Physiol., 153: 895-905.
ZHAO X., LI J., NAKANO K., MAEZAWA S., 2006 - Effect of
CaCl2 application on antioxidative enzyme activities of
cut flowers. - J. Soc. High Techn. Agric., 18(2): 130-134.
(In Japan).

